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Abstract 


Two rockets carrying electric field and low energy particle 
instrumentation were launched near noon at 80^ magnetic latitude. One 
flight encountered polar cap conditions only while the other traversed 
part of the polar cusp. Although weak particle precipitation was 
measured on both flights, biorsts of intense magneto sheath-type electron 
fluxes were detected on the latter. Strong electric fields such as 
would result from anti-sunward convection were observed dioring both 
flights. The measurements are compared with results obtained by other 
types of spacecraft and interpreted in the light of those data. 
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Introduction 

It was first suggested by Chapman and Ferraro (1931) that two neutral 
points would be formed on the surface of the c-urrent sheet between the 
solar plasma cloud and the earth's magnetic field and that plasma could 
enter what we now know as the magnetosphere through these points. The 
concept was developed when the existence of the solar wind and a permanent 
magnetosphere became known as it was realized that the neutral points 
allowed a continuous leakage of plasma from the solar wind into the magneto- 
sphere. Calculations of the leakage rate have been made by Spreiter and 
Summers (I967) and Willis (I969) who obtained a value of 5 x 10^^ protons/sec. 
Recent observations using particle detectors on satellites (Heikkila and 
Winningham 1971, Frank 1971, Frank and Ackerson I97I, Russell, et al., 1971) 
have confirmed the existence of the neutral points and detected the leakage 
of particles at various altitudes above the earth from 1000 kms to many 
earth radii showing that the spectrum of the particles is very similar to 
that of magnetosheath particles. Hoffman (I972) completed a detailed 
survey of a "soft zone" of particle precipitation at low altitudes which 
coincides on the dayside with this neutral point or "polar cusp" region. 

His excellent time resolution showed considerable temporal -spatial structiire 
leading him to call it the zone of "bursts". 

The observed particle flirxes have en^hasized the concept of a neutral 
line (Piddington, I965) as opposed to a point. Frank (I971) hypothesised 
that the polar cusp is spatially connected to the distant plasma sheet in 
the magnetotail with the cusp field lines being convected around the flank 
of the magnetopause. Winningham (1971) has put the longitudinal width of 
the cusp as from 0800 to 160O (MLT magnetic local time). The width in 
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latitude according to Heikkila and Winningham (1971) is 2 to 5 degrees and 
to Frank (1971) is 0.2 to 4 degrees. The cusp moves toward the equator 
during times of magnetic activity as the front side of the magnetosphere 
is compressed. In quiet periods it is centered near 80° invariant latitude. 

The particle spectra observed in the polar cusp have been very soft, 
corresponding closely to that observed in the magnetosheath. Electron 
spectra generally peak around 100 volts while proton energies are somewhat 
higher, with the peak energy nearer 1 kev (Winningham, 1972; Frank, 1971). 

Electric fields at high latitudes during daylight hours have been 
measured by observations of barium releases (Wescott et al., 1970; Heppner 
et al. 1971a and b) which require twilight, and the satellite traversals of 
OGO-6 (Heppner, 1972a) and IWJUW-5 (Cauffman and Gurnett, 1971). The polar 
cap electric fields are relatively quiet con^jared to auroral zone measure- 
ments and are typically 10 to 30 mV/m dawn-dusk resulting in anti-sunward 
convection. Heppner (1972) using OGO-6 data found the polar cusp region 
electric fields to be extremely variable with large variations 
(AE ~ 30-100 mV/m) occurring in short spatial or temporal intervals 
(see his Figure 8). A satellite passes through structure in this region 
at about 8 km/sec. Gurnett (1972) shows a reversal of the field at the 
trapping boundary and an eastward electric field (anti-sunward convection) 
in the polar cusp region. Broadband VLF hiss seen in this region is 
believed to be generated by low energy polar cusp electrons (Gurnett and 
Frank, 1972). 

We report here joint particle and electric field measurements in the 
polar cusp region made from two rockets launched during periods with 
different levels of worldwide magnetic activity. 
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Rocket Performance 

The Fox Main DEW (Distant Early Warning) Line Station at Hall Beach, 
Canada vas chosen as the launch site because of its proximity to 
the polar cusp region (68.757^W, 8l.224^W geographic; 79*728° W, 23.8l6°W 
geomagnetic). TVo Nike- Tomahawk rockets ( 18.126 and 18.127) were launched* 
in a northwesterly direction reaching an apogee of approximately 315 kms. 
Since both flights took place in daylight, ground magnetic records were 
used to choose the launch time. On March 15, 1971. at 11 hr 19m local 
time (17:19Z) 18.126 was launched. The magnetic horizontal disturbance 
vector was close to the direction of the normal polar cap disturbance but 
was abnormally large. 18.127 was launched on March l8, 1971, at 11.00 LT 
(17:00Z) into a disturbance whose horizontal direction was considerably 
different from that of a normal polar cap disturbance. The ground 
observations are discussed in more detail in a separate section. 

No radar or other tracking data were available at this temporary 
launch site. The trajectory was constructed by calculating a theoretical 
trajectory, including Coriolis forces, using nominal values for launch 
direction and motor performance. Parameters were then adjusted using 
total elapsed time, passage through the lower E region (as determined by 
the electric field and particle data) and approximate peak times to best 
fit the data. The result is a vertical velocity profile that is reasonably 
accurate and a horizontal velocity that is set only by nominal trajectory 
data. Apogee was estimated as 315 km for 18.126 and 318 km for 18.127. 

The attitude of the rocket was measured using two sun sensors for a 
solar reference and two fluxgate magnetometers for a magnetic field 
reference. A complete attitude solution was obtained once per roll. A 
stimmary of the attitude data for the two flights is given in Table 1. 

The accuracy of the solution is estimated as ± 2° . 
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Instrumentation 

Both rockets carried identical instrumentation consisting of a single 
axis electric field experiment and five low energy particle detectors. 

The electric field was measured hy the double floating probe technique 
(Aggson, 1969) using cylindrical, motor extended antennas 6.O9 in. long as 
the sensors. The probes were insulated from the plasma with a Kapton 
coating over the inner 3-05 m. making the distance between the mid-points 
of the active element 9.3 ni. The floating potential of each probe was 
measured by a voltage follower, having an input impedance greater than 
10^\^ to prevent "voltmeter errors", and then differentially subtracted. 

The resultant signal, proportional to the vector sum ® x B, was 
monitored using two gain ranges for the DC and a four channel spectrometer 
covering the AC spectrum from 0.03 to 100 kHz. The antennas were not 
deployed until atmospheric drag had decreased to a safe level; hence 
deployment was not completed until the rocket had passed 170 km. altitude. 

The particle detectors were channel electron multipliers with cylindrical 
energy analyzers. The four electron detectors were identical in configuration. 
The fifth detector, used to measure protons, had a channel multiplier with 
a larger aperture. Two of the electron energy analyzers had fixed voltages 
applied to the plates which centered their passband near 700 eV. The other 
two, and the proton detector had a stepping voltage that scanned the 
spectrum in eight steps, equally spaced logarithmically from about 300 eV 
to 3000 eV. Each step was held for 50 m sec. giving a complete scan in 
0.4 sec. 

Two of the electron detectors, one fixed, one stepping, were mounted to 
look at 20° to the spin axis of the rocket. The other two and the proton 
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detector were mounted at 6o^ to the spin axis on the opposite side of 
the rocket as illustrated in Figure 1. The geometric factor (calculated 
theoretically (Johnstone 1972) of the electron detectors was 1.2 x 10"^ 

E (eV) cm^ ster eV and of the proton detector 9.3 x 10""5 e (eV) cm^ 
ster eV. . The energy bandwidth of all five was 19%. The pulses from 
the detectors were counted in logarithmic acc*umulators which were read 
out simultaneously and reset every 25 m secs. 

Electric Field Data 

The electric field data were scaled each spin cycle to determine 
the amplitude and phase of the signal containing the sum of the ambient 
electric field and the induced v x B electric in the spin plane. Contact 
potential errors, appearing as a constant offset of the sinusoidal signal, 
are easily removed. The attitude solution was used to transform v x B 
obtained from the trajectory calculations into the rocket system where it 
was vectorially subtracted from the total measured field. The resultant 
E was transformed back to the earth-fixed topographical system using the 
attitude solution. There is an estimated error in these processes of 
±2% in the larger component and ±5% in the smaller component arising from 
inaccuracies in the attitude solution. There is an additional error of 
±3 mv/m from the data handling and other physical considerations. Errors 
in the trajectory also can have an effect on the total error. A 20% 
variation in the horizontal velocity made a maximum shift of ±2^ in the 
direction of the resultant field (±3% of the smaller component). 

Figure 2 shows the data from 18.126. At the top of the figure is 
the total measured field (spin plane) and the total v x B (all 3 axes). 

The topographic X and Y components after the vector subtraction are shown . 



- 6 - 


below. Note that the gross amplitude and direction remain relatively 
constant over the whole flight. The small periodic changes in azimuth 
(116 sec period) are precession effects from errors in the attitude 

solution. Small amplitude fluctuations ( 5 to 7 mV/m) are prevalent in 

both components throughout the flight. The average magnitude of 30-4o 
mV/m is similar to that of previous measurements in the polar cap 
(Heppner 1972a; Heppner et al. , 1971; Cauffman and Gurnett 1971) but on 

the high side of the average, perhaps an indication of the high overall 

disturbance level or as suggested by Gurnett 's (I972) data that the region 
of stronger convection extends a short way into the cap region. The field 
direction is 20° - 30° sunward of the easterly direction expected from 
anti- sunward convection over the polar cap. 

In Figure 3 the data from 18.127 is displayed in a similar way. The 
vertical scale is compressed conp>ared with Figure 2. Several differences 
are obvious. The magnitude early in the flight is much larger ~ 100 mV/m 
but gradually decreases to 4o mV/m at the end of the flight. The 
fluctuations also decrease in magnitude and at the end of the flight are 
much smaller than for 18.126. The direction is very close to 90° (due East) 
throughout the flight corresponding to anti-sunward convection. Some of the 
fluctuations, near 0230 and 0450 are associated with strong fluxes of low 
energy electrons (described below). Both magnitude and direction changes 
are prevalent at these times. 

Figure 4 shows data from the four channel spectrometer for both flights. 
Each of the broadband filters covers about a decade in frequency range. 

18.126 is characterized by a lack of activity in the three upper chajinels. 

The variations in the 30-100 channel show some orientation dependence 
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and are similar to low frequency variational signals observed on satellites 
(Maynard and Heppner 1970). The low frequency noise observed in to 100 to 
120 km region is similar to that reported by Holtet et al. , (1971) • The 
noise detected by 18.127 was entirely different in character. It is most 
intense in the top two channels reaching saturation for much of the time 
over the first half of the flight in the 10 - 100 kH^ channel. This 
indicates auroral hiss which has been shown by Hoffman and Laaspere (1972) 
to be present in regions where low energy particle precipitation exists. 

The hiss had dropped to a low level by the time the last particle bursts 
were seen (around 4.45 to 5*35 min.) and remained low over the rest of the 
flight. It is also interesting to note the anti-correlation of the noise 
in the two lower frequency channels with that in the upper channels. In 
a recent paper Gurnett and Frank (1972) have found noise near 100 Hz in 
in the polar cusp region that they have con^)ared to lion’s roar, a 
phenomena found in the transition region by Smith et al., (I969). This 
would show up in both lower channels and offers an alternative to the ELF 
noise and irregularities as an explanation of the data. 

Particle Data 

In Figure 5 the 0.8 second averages of the counting rate of the 
detector with fixed energy (720 eV) and at pitch angles between 0° and 
4o^ are shown for both flights. During the flight of I8.126 there was 
weak precipitation throughout. The detector on 18.127 also found this 
background of weak precipitation but also saw short bursts of very much 
more intense precipitation. Burst structures are evident near 120 sec. 
and 290 sec., corresponding to areas of variations in the electric fields 
(See Figure 3)* In the analysis below we have concentrated on the bursts 
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occurring between T +285 sec. and T+3IO sec. in the 18.I27 data when the 
rocket was close to its apogee of 319 km- At this altitude the atmospheric 
effects, which are shown to be important, are minimized. 

The observed electrons are seen to have a strong pitch angle dependence 
which is apparent from the ratio of the counting rates of the detectors at 
different pitch angles and in the spin modulation of the counting rate of 
each detector. The detectors at 20 ° to the spin axis are mounted on the 
opposite side of the rocket from those at 6o° (see Figure l). Then, since 

the spin axis of the rocket is about l 6 ° from the magnetic field and the 

coning angle is small, when one detector is at 4 ° pitch angle the other 
is at 76° and one half spin later one is at 36° while the other is at 44 ° . 

In the latter case both detectors are looking very nearly at the same 

pitch angle and should observe nearly the same intensity, if there are no 
azimuthal variations. This gives an inflight inter-calibration between 
each pair of detectors. The ratio of the counting rates of the two detectors, 
at pitch angles <^2 we call the anisotropy A ap)* ratio has 

been formed for each point in the period T+283 to T +315 in the flight of 
18.127 and averaged in 2° ranges of the pitch angle of the 6o° detector. 

The results are independent of time and average intensity but depend quite 
strongly on particle energy. The greatest intensities are observed for 
particles with small pitch angles. These facts suggest that the anisotropy 
may be the result of atmospheric absorption alone. To test this the 
following model of the atmospheric interaction was used. The electrons 
are supposed to lose energy continuously, without straggling or scattering. 

The model is most likely to be valid near the top of the atmosphere before 
many scattering collisions have occurred. In Table 2 some relevant values 
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taken from Berger et al. , (1970) have been listed. The particles can 
reach the rocket after only a small mmiber of scattering collisions 
although the lower energy particles have lost a significant proportion 
(20^) of their energy. Then the intensity observed at a depth h pitch 
angle a and energy E is that corresponding to a primary energy of E^ where 


E^ = E + h sec (^). 


It is shown below that the energy spectrum has the form Ae 


-E/Eo 


Then 


/n A(q']_, ^2) = -^ (sec 02 - sec ai) (o'2 _ > q' 2). 


dE/dh is a function of the particle's current energy but its variation 
during the energy loss above the rocket has been ignored. In Figure 6, 

£n A is plotted against (sec 0^2 ~ sec o']_) and a least squares fit line 
drawn through the points. The intercept of this line with the A-axis is 
a measure of the difference between the two detectors. For both energies 
apparently the 20° detector is about twice as sensitive as the 6o° detector. 
This probably is incorrect and a result of the inaccuracy of the theory. 

The slope of the ciirve m gives 

m = (h/Eo ) (dE/dh ) 

Some values of (dE/dh) calculated from the Bethe formula are tabulated 
by Berger et al. , (I970) for electrons E > 200 eV. They are listed in 
Table 2 for the examples in Figure 7. Taking Eq = 110 eV we obtain 
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n = 5.2x10“'^ gm cm"^ (300 eV) 

= 4.9x10"'^ gm cm"2 (720 eV) 

The agreement is remarkable and indicates that even if the theory is 
inaccurate in detail the relative amounts of anisotropy at the two energies 
is in proportion to their stopping powers and hence is likely to be of 
atmospheric origin. Using extreme assumptions about the relation of the 
lines in Figure 6 to the points makes relatively little effect on the 
calculated depth which remains in the range 4 - 6xlO“7 gm cm“^. This is 
because the anisotropy is an exponential function of the depth so that a 
small change in depth gives big change in the anisotropy. The high fluxes 
are only observed over a small range of altitudes relative to a scale 
height near apogee so that an altitude variation cannot be found in the 
data. The variation of neutral atmospheric parameters is listed by 
Anderson and Francis (1966) for various local times and levels of solar 
activity. Calculating from values listed in their tables, the extremes 
range of values of the depth at 3l8 kms is from I.9 x 10"^ gm cm“^ to 
5.6x10“ ‘ gm cm“ • The derived value is within this range hut at the high 
end; rather higher than one would expect for the polar regions at the 
equinox at a fairly low level of solar activity. The increase could he 
caused hy atmospheric heating hy the particles being measured. The main 
result of this analysis is that the anisotropy could he entirely the result 
of an atmospheric interaction. The primary pitch angle distribution of 
the electrons could he isotropic between 0° and 90 ^ . 

Electron Spectrum 

All the spectral measurements are taken from the stepped energy 
detector at 20^ to the spin axis. It covers a pitch angle range of & - 4o^ 
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which leads to an anisotropy at 300 eV of A(0° , 4o^ ) = 1.3 if caused hy 
the atmospheric interaction. This is much smaller than the time variation 
in the intensity and has been ignored. At these small pitch angles the 
modification of the particle spectrum hy atmospheric energy loss is 
minimized. To this end all the spectra are taken during the time when the 
rockets were within 10 kms of their apogee. Each has been averaged over 
several cycles of the energy range to improve the accuracy. The intensity 
changes considerably in this time. To remove the effect of the time 
variations the counting rate of the 720 eV detector was averaged in the 
same way and the ratio (swept/720 eV fixed) counting rates was taken. This 
procedure is only valid if the spectral shape does not change with intensity 
or time. No evidence can be found for such effects or for effects of 
velocity dispersion. The level of the spectrum is -fixed by the average 
level of the 720 eV electrons over the time interval. The electron 
intensities have been converted to phase space densities by 

D(m-^ sec3) = I (cnr^ter-^eV-^ sec"^) 

E(eV) X 10-^° X 6.18 

No allowance has been made for the efficiency of the channel multiplier 
detectors being less than 100^ or varying with energy. Most reported 
meas-urements show that it is near lOOfo with only small variations in this 
energy range (Paschmann et al, I970). The spectra are plotted in Figure 7. 
The three 'burst' spectra are taken during the events between T + 285 secs, 
and T + 310 secs', in the flight of 18.127. The two background spectra are 
averaged over 60 sweeps near apogee. 
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The following features are noted: 

1. All the spectra are linear on a logarithmic plot with 
approximately the same slope. The exponents in this power-law 
approximation range from -3.7 to -4.5. Although the fit is not 
as good, a Maxwellian velocity distribution has been fitted to 
the spectra to facilitate con^arisons with other observations. 

The resultant temperatures range from 1 to 2 x 10^ °K. 

2. Despite the different geophysical circumstances of the two flights 
the spectra of the background precipitation are very similar in 
level and slope. 

No velocity dispersion is observed during time variations in the 
measured fluxes , although the analysis is difficult when one detector steps 
in energy. During an extremely intense burst at T +290 secs, on 18.127, 
when the 720 eV intensity reached 8.5 x 10^ electrons cm“^ ster“^ eV~^ sec”^ 
the dispersion between 300 eV and 720 eV is estimated to be less than 
24 msecs. This places the source of the modulation, if temporal, within 
700 km of the rocket. Clearly, such structure could not have originated 
near the magnetopause but must either be a result of the particles' passage 
through the ionosphere, or be spatial structure in the beam. 

Proton fluxes were observed throughout both flights with no significant 
time variations in either flight. It is impossible to obtain reliable 
spectra from the measurements because of the effects of charge-exchange and 
energy loss in the atmosphere. There are much higher fluxes in the upper 
half of the energy range 1 keV < E < 3 keV) than in the electron measurements. 
Ground Magnetic Data 

Data from thirteen ground magnetometers were examined to determine the 
magnetic conditions at the time of both flights. The period from 0200 UT 
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to 0500 UT at all stations and from 0100 UT to 0600 UT at many stations 
on March 21st, 1971? was exceptionally quiet with all three components 
of the magnetic field being nearly constant. This period was chosen to 
give the baseline for determining the disturbance vectors. Both horizontal 
and vertical disturbance vectors were measured at the beginning of each 
flight and are shown in Figure 8 in a magnetic latitude - magnetic local 
time coordinate system. The launch site at Fox Main is plotted with a 
circle around it and also with the typical electric field vector measured 
in flight. 

During the flight of 18,126, Fox Main was in a region with a large 
amplitude disturbance (192 y for AH at Fox Main) having a relatively uniform 
direction over much of the polar cap. This region extended as far south 
as Baker Lake (73.8° geomagnetic latitude). The direction was parallel 
to the usual polar cap disturbance with the vector directed toward 
1500 MLT (Silsbee and Vestine, 19^2). The vertical disturbance was near 
zero. The electric field vector was 20 to 30° toward l800 LT (or more 
easterly) relative to AH. 

The disturbance at Resolute, Thule and Alert had the same orientation 
during the flight of 18.127, but the magnitude was smaller than in 18.126, 
The orientation of the vector at Godhaven, Fox Main and Baker Lake was 
quite different. The magnitude was much larger than the auroral zone 
stations at Chiorchill and Great Whale but in the same general direction. 

The vertical disturbance at Fox Main was slightly negative. Thus, in this 
case, the rocket was not in the polar cap region; and, from the particle 
observations, we conclude that it was in the region of the polar cusp. 

The typical electric field vector here was toward l800 MLT or due east 
( anti- sunward, convection direction). 
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Figiire 9 shows the variation of the planetary magnetic index Kp during 
the period of both flights. For the 12 hours before and during the period 
of the flight the average Kp for 18.I26 was 4- while for 18.127 it was 1+. 

The dependence of the position of the polar cusp with Kp has been established 
by Hoffman (I972) and Heikkila and Winningham (I971). Hoffman showed that 
an increase of Kp from 1 to 3 created a southward movement of the boundary 
of 3 to 4° . This is consistent with the interpretation that 18.126 was in 
the polar cap while 18.127 penetrated the cusp. 

Discussion 

In order to coirpare the particle measurements with other relevant 
measurements we have plotted Figure 10. All the reported data have been 
fitted to a simple Maxwellian distribution and a density and temperature 
derived. Each measurement is than plotted in n/T space. Some caution is 
necessary when interpreting this diagram because of the assumptions made 
in deriving n and T. In general measurements made at energies between 
200 eV and 700 eV have been used. Exceptions are those of Hoffman (1972) 

(700 eV to 2300 eV) and Ogilvie et al, (I971) (under 200 eV). The derived 
temperatures are higher at higher energies, as is the case for the spectra 
in Figure 7* The magnetosheath densities and temperatures are very variable 
and very few measurements have been reported. Of those used here, the 
measurements of Ogilvie et al, (I971) were made down-stream from the neutral 
points near the dawn magnetopause and those reported by- Russell et al, (1971) 
were made during a very disturbed period. The following points can be made: 
(a) The cusp temperatures are slightly higher on average. This may be a 
result of a small amount of stochastic acceleration giving increased 
densities in the high energy tail of the distribution, (b) Peak densities 
observed at low altitude approach those in the magnetosheath, (c) The 
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densities reported by Frank (l9?l) and Winningham (1972) are much lower 
than those reported by other workers. The reason for this is not obvious 
but may be an instrumental effect. The spectrometers of Frank and Heikkila 
and Winningham (1971) had much wider energy passbands (exceeding GOPjo) than 
most of the other instruments. Also, since they were stepping through the 
energy range, their time resolution was not as good. Hence the weaker 
fluxes may be the result of spectral and spatial averaging over the very 
variable fluxes we report here. A satellite, moving more than 10 times as 
fast as the rocket through the structure detected during the flight of 
18.127 would be unable to make a measurement of the spectrum if the basic 
time resolution is not much better than 1 second. Some of the disagreement 
over the latitude width of the polar cusp region (Winningham 1972) may be 
the result of differing sensitivities. It is interesting to observe that 
the densities reported by Winningham and Frank are close to the background 
levels measured in the two rocket flights. 

Figure 11 shows the electric field and particle data from 18.127 on 
an expanded time scale for the precipitation event between 287 and 310 sec.. 
The best resolution of the electric field data is one point per spin since 
one spin cycle best defines both components. Finer structure can be seen 
but not resolved into magnitudes and directions. The particle data are 
100 msec, totals of the fixed energy detector at small pitch angles. The 
electric field in the vicinity of the strongest fluxes is at times very 
slightly depressed. Since the ionosphere is sunlit, and the low energy 
particles do not penetrate deeply into the E region, there are unlikely 
to be changes in the conductivity significant enough to modify the electric 
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field by loading the source. Peaks in magnitude and changes in direction 
of the field are associated with some of the "edges" in the particle 
structure. This can possibly be explained by the charge density in the 
spatial structure of the precipitating beam. The density of electrons 
measured "by our detector was 0,8 cm which is more than enough to cause 
the observed effects in a beam of reasonable thickness. The negative 
charge may be neutralized to some extent by unmeasured positive particles 
although the proton detector measured no fluctuations correlated with the 
bursts of electrons. Note that in addition precipitation peak occurred 
near 330 sec (05:30) without significant electric field effects. 

The measured flux of electrons corresponds to a current density of 
approximately 1.3 x 10”^^ amps cm“^. In a con^anion flight using a 
vector magnetometer 5 Ledley and Farthing (private communication) found 
narrow intense changes in the magnetic field which they suggest are 
caused by field- aligned currents. They do not have enough information 
to define the direction of these currents. Their horizontal scale size 
was about 1 km, similar to the horizontal scale size of the precipitated 
electron bursts. If the cTirrent is the result of the electron 
precipitation then it is directed upwards, away from the Earth, whereas 
the model of Heppner et al. (1971) requires a net current towards the 
Earth to explain ground magnetic measurements. Not enough is known 
about upward electron fluxes and downward proton fluxes in the neighbor- 
hood of the rocket to be siore the net current is downward. 
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The easterly direction of the electric field corresponding to anti- 
sunward convection is consistent with a model such as Dungey's (I96I) where 
merging occurs at the boundary of the magnetosphere and those field lines 
Just to the north are Open to the magnetosheath plasma. Gurnett and Frank 
(1972) show westward and eastward convection components in this area; 
however in all cases there is an anti- sunward component in their result in 
the cusp region (their instrument detects only one con5>onent of the perpen- 
dicular electric field) . The variability of the OGO-6 measurements in this 
region (Heppner, 1972a) indicates that there may exist either a very 
irregular structure to the cusp or that the fields are greatly influenced 
by local inhomogeneities. All measurements in this area have found large 
magnitude fields. 

The interplanetary magnetic field measured by IMP-'6 at the time of 
18.127 was toward the s\m-and westward (0 ~ 310°) with a 63^ (north- south) 
direction of + 20 to 30° . This interplanetary field would fit best the situation 
for Heppner 's (1972b) type A pattern or uniform convection across the polar 
cap. This also is consistent with our easterly directed electric field. 

18.126 was laiinched at the time the interplanetary field switched north 
after about 4 hours of southward directed field. The 0 direction had been 
toward the sun for over an hour. Heppner 's (1972b) convection patterns 
would predict either a flat pattern or one with larger convection toward 
evening as typical for this case. The electric field was basically easterly, 
but with a southerly component pushing the convection toward the evening side. 
From the interplanetary magnetic field direction for 18.127, Wilhjelm and 
Friis-Christensen (1971) and Jorgensen, et al., (1972) would predict a 
westward Hall current in the polar cusp region. While this current would 
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be consistent with the ground magnetic disturbance at Fox Main (see 
Figure 8), it is inconsistent with the observed electric field for either 
a Hall or Pedersen current in that direction. 

Magnetic field lines in and around the cusp are pres\imably those 
involved in merging at the boundary or those having recently merged and 
are being swept back into the tail. Thus, the velocity of the field lines 
near the boundary in the cusp should be close to that of the bulk plasma in 
the adjacent magneto sheath. Using the model of Dryer and Faye-Petersen 
(1966), this is estimated as 0.5 Voo (where Vas is the solar wind velocity- 
typically about 400 km/sec.), which results in a 200 km/sec, velocity. 

Assuming field lines can not pile up, the separation at any point in the 
cusp between two field lines is given by 

— = const. 

V 

where d is the separation and v is the velocity. The electric field that 
we found to be 50 to 100 mv/m in the cusp corresponds to a 
convection velocity of 1 to 2 km/sec. This value is in agreement with the 
measurements of Heppner (1972) and Gurnett and Frank (1973). Thus, the 
width at the orifice should be 100 to 200 times the width in the ionosphere 
or the angular width should be 10 to 20 times the ionospheric angular width 
assuming the boundary to be at 10 Rg. Lower ionospheric electric fields 
increase the ratio. Figure 12 shows two field lines, 0.1° apart in the 
ionosphere, calculated from the model of Sugiura and Poros (1973). The 
model, based on fitting the OGO's 3 and 5 AB data, predicts the separation 
ratio of 100 in distance^ although it places the cusp at a higher latitude (83° ) . 
Frank (1971) has put the typical width in distant regions to be the order 
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of 1 or 6 ° in latitude* Thus, the region directly open to the magneto- 
sheath in the above discussion is quite narrow at ionospheric altitudes 
with a scale size nearer that of the hursts than that of the overall region* 
The large variations in electric field seen by Heppner (1972a) and the 
multiplicity of bursts in the particle data would suggest that many such 
small openings may exist in a turbulent pattern giving rise to the observed 
wider soft zone. 

Conclusions 

1 . 18.1265 launched during a magnetically disturbed period made 

measurements in the polar cap: I 8.1275 under quieter magnetic conditions, 

traversed part of the polar cusp, passing into the polar cap during the 
last part of the flight. 

2. The intense electron fluxes detected in the polar cusp had 
temperatures between 1 and 2 x 10^ °K similar to magnetosheath electrons. 

Peak densities approached those measured in the magnetosheath indicating 
that magnetosheath electrons have direct access to the polar ionosphere 
through the polar cusp. 

3 . The observed anisotropy could have been caused entirely by the 
atmospheric interaction. 

4. Electron and proton precipitation was observed at a low level during 
both flights. The spectrum of this background electron precipitation had the 
same slope as the intense bursts but the intensities were orders of magnitude 
lower. No proton bursts were observed. 

5 . VLF hiss was only observed during the flight of l8,127 and while 
it was not directly correlated with the measurements of intense electron 
precipitation, it was found in the same general region. 
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6« Fluctuations in the electric field at the ^edge* of intense 
electron precipitation may he caused by the charge density in the beam. 

7. Large amplitude easterly electric fields (anti -sunward convection) 
were observed during both flights although in the polar cusp the fields 
were larger and more variable. Polar cap electric fields near the cusp 
were found to be larger than the typical values observed over the whole 
polar cap by satellites. 

8. The electric field and particle data argue for a cusp structure 
that is very variable with small regions of direct magnetosheath access 
within the overall region. 
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TABLE 1 


ROCKET 

SPIN PERIOD 

CONING PERIOD 

O' 

3 


secs 

secs 

degrees 

degrees 

18.126 

0.8l4 

116 

21.5° 

14° 

18.127 

0.844 

124 

16 ° 

3° 


Attitude data for both flights, a is the angle between the coning 


axis and the magnetic field, p is the coning half-angle. 



TABLE 2 


300 eV 720 eV 

Energy loss by 

veritcal electron 6l eV 39*5 eV 


Wo. of scattering 

collisions 2.5 1.1 


Median scattering 

angle per collision 23° l6° 


Energy loss rate o 

eV/gm cm-2 1.82 x 10° 1.26 x lO' 


Some values from Berger et al., (1970) relevant to the 
atmospheric interaction of the precipitating electrons. They 
refer to a depth of 3-2 x 10"'^ gm cm"^. 
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Figirres 


Figure 1 - A sketch of the layout of the particle detectors in the rocket. 

The angles of acceptance of the detectors in the plane containing 
the spin axis is shown. The magnetic field direction lay on or 
within the cone indicated during the flight. 

Figure 2 - The electric field observed on 18.126. At the top is the total 
meas-ured E + v x B in the spin plane compared to the total v x B, 

At the Bottom are the north- south and east-west components 
(north and east are positive) and the azimuth of the resultant 
electric field vector from north. 

Figure 3 - electric field observed on 18.127. The format is the same as 
Figure 2. 

Figure 4 - Results of the 4-channel spectrometers for measuring AC electric 
fields for both 18.126 and 18.127. 

I 

Figure 5 - The variation of intensity of precipitating 720 eV electrons 

during both flights. In 18.126 the intensity is averaged over 
0.76 secs; in 18.127, over 0.78 secs. 

Figure 6 - The anisotropy of the electron intensity at two energies. The 
plot is explained in the text. The lines are least-squares fit 
to the sets of points. 

Figure 7 - Spectra from the intense bursts between T + 286 and T + 310 secs, 
on 18.127 and the backgroimd precipitation at apogee on both 
flights . 

Figure 8 - Magnetic disturbance vectors for 13 polar stations at the 

beginning of each flight. The Fox Main station (launch site) 
is circled and the typical electric field vector as measured during 
the flight is also plotted at Fox Main. Scale lengths for both 
plots are on the 18.127 plot. 
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Figure 9 - The planetary magnetic index Kp for six days during which both 
rockets were fired. 

Figure 10 - A summary of published measurements of electrons in the magneto- 
sheath and polar cusp. ..Points with rings refer to magnetosheath 
measurements. References are: 

B - Burch 1968 

F - Frank I97I 

H - Hoffman I97I 

M - Montgomery et al, 1970 

0 - Ogilvie et al, I97I 

R - Russell et al, 1971 

W - Winningham 1972 

1, 2, 3 bursts spectra in Figure 7 

4, 5 background spectra in Figure 7 

Figure 11 - A comparison of particle data and electric field measiu'ements 
during the intense biorsts observed by 18.127. 

Figure 12 - Two field lines at the polar cusp as defined by the model of 
Sugiura and Poros (1973). The field lines are for 82.9 and 
83.0° and illustrate the difference in the separation near 
the boundary con^jared with the separation at ionospheric 


altitudes. 
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